ABSTRACT Effects of rearing density, adult density and sex ratio in the ßight chamber, adult age, sex, presence or absence of food, and duration of food deprivation on rate of and time to ßight initiation of the red ßour beetle, Tribolium castaneum (Herbst) (Coleoptera: Tenebrionidae), were studied in the laboratory. Rates of ßight initiation were slightly lower at lower rearing densities, but they did not differ with age or sex of adults, presence or absence of food in the ßight chamber, or duration of food deprivation. Focal adults were less likely to ßy when individuals of the opposite sex were present in ßight chambers. Presence of the same sex or mixed sexes and numbers of individuals in ßight chambers did not affect tendency to ßy of focal individuals. Mean time to ßight of older beetles (7Ð20 d old) was less than that of younger beetles (1Ð 4 d old). No young beetles ßew during the Þrst 24 h of ßight tests. Mean time to ßight did not differ with rearing density, sex, presence or absence of food, or duration of food deprivation. Our results indicate that this species is highly dispersive during the adult stage and that ßight does not seem to be associated with just prereproductive or postreproductive dispersal phases, high rearing density, or short to medium periods of food deprivation. Therefore, T. castaneum level of ßight activity does not seem to be associated with factors that have been shown in the literature to increase dispersal by walking for this species and to increase ßight initiation in other stored-product species.
Dispersal is an important factor in the dynamics of most insect populations because resources in a given habitat are usually time-limited, so dispersal to new habitats is necessary for successful reproduction and survivorship as resources become scarce and insect populations more dense (Dingle 1985) . When adults and immatures share common resources, or when they otherwise interfere with one another, the departure of adults can reduce intraspecies competition and thereby promote local population growth (Ziegler 1978) . Dispersal also affects the spatial and temporal structure of populations (Kean and Barlow 2000 , Kendall et al. 2000 , Poethke and Hovestadt 2002 . Dispersal both by walking and ßight is especially important for stored-product insects that exploit spatially and temporally patchy resources in human food storage and processing facilities. Flight ability of a number of stored-product insect pests has been studied previously (Giles 1969 , Sinclair and Haddrell 1985 , Wright and Morton 1995 and its role in contributing to infestations demonstrated (Throne and Cline 1994 , Vela-CoifÞer et al. 1997 , Nansen et al. 2001 , Campbell and Arbogast 2004 , Campbell and Mullen 2004 , Toews et al. 2006 , but the factors that trigger dispersal by ßight have received less attention. The lesser grain borer, Rhyzopertha dominica (F.) (Coleoptera: Bostrichidae), and larger grain borer, Prostephanus truncatus (Horn) (Coleoptera: Bostrichidae), are exceptions because there has been considerable research into factors that trigger ßight (Barrer et al. 1993; Aslam et al. 1994; Dowdy 1994; Fadamiro et al. 1996; PerezMendoza et al. 1999a,b) and their dispersal ability (Nansen et al. 2001 , Campbell and Hagstrum 2002 , Edde and Phillips 2006 , Toews et al. 2006 .
The red ßour beetle, Tribolium castaneum (Herbst) (Coleoptera: Tenebrionidae), is one of the most important pests of cereal ßours and other Þnished products in the world, and its ability to disperse and to colonize new supplies of food has contributed to its status as a pest (Ziegler 1977) . T. castaneum disperse readily, and it is one of the Þrst species to Þnd and exploit pristine food patches (Ziegler 1976) . The ability of this species to disperse not only by walking but also by ßying, probably contributes to this colonization ability. However, much of the research on T. castaneum emigration and dispersal has focused on walking behavior. A variety of factors involved in T. castaneum walking dispersal have been examined, including their ability to disperse within (Surtees 1963 (Surtees , 1964 Hagstrum 1973; Hagstrum and Leach 1973; Parde et al. 2004 ) and outside patches of food (Hagstrum and Gilbert 1976 , Ziegler 1977 , Sinclair and Haddrell 1985 , Ho and Boon 1995 , Campbell and Hagstrum 2002 , Romero et al. 2009 , Toews et al. 2009 ); inßuence of external and internal factors such as age, sex, population density, and food quality and quantity (Ziegler 1976 (Ziegler , 1977 (Ziegler , 1978 Lavie and Ritte 1980) ; reproductive Þtness beneÞts of dispersal (Lavie and Ritte 1978) ; and the genetic basis of dispersal (Ritte and Lavie 1977) .
Adult T. castaneum have long been known to ßy readily under laboratory conditions if temperatures are warm enough (Zirkle et al. 1988 , Cox et al. 2007 ), and they have been captured ßying in and around food storage facilities (Jones 1967 , Giles 1969 , Sinclair and Haddrell 1985 , Boon and Ho 1988 , Throne and Cline 1994 , Ho and Boon 1995 . However, we are not aware of any studies that have evaluated the inßuence of internal and external factors on T. castaneum ßight initiation behavior, even though this information is needed to understand the role of these factors in dispersal and colonization behavior in stored grain and processed food facilities. Internal and external factors that have been shown to trigger dispersal by ßight in other species of insects have included temperature, sex, age, adult population density, and food. For example, temperature, sex, adult age, food, and adult population density were important factors in ßight initiation of Triatoma infestans Klug (Hemiptera: Reduviidae), the main vector of Chagas disease in South America (McEwen et al. 1993 , Gurevitz et al. 2006 .
Studies on the ßight behavior of other stored-product insects have focused on P. truncatus and R. dominica, two of the most important pests of stored grain. It has been shown that more young (3-to 6-d-old R. dominica and less that 32-d-old P. truncatus) beetles reared in high-density cultures initiated ßight than older individuals or those from low-density cultures and that the presence or absence of food also exerted a major inßuence on ßight (Barrer et al. 1993 , Aslam et al. 1994 , Fadamiro et al. 1996 , Perez-Mendoza et al. 1999a . Therefore, in this study we examined the effects of rearing and adult density, age, sex, presence or absence of food, and starvation on ßight initiation of T. castaneum.
Materials and Methods
Culture Methods. Insects used in this study were obtained from a colony originally collected from a ßour mill in Kansas 5Ð 6 mo before the start of these experiments. Unless otherwise indicated, adults used in the experiments were obtained from stock cultures established by introducing 100 unsexed, 2-to 4-wk-old adults into 200 g of diet containing 95 parts of wheat ßour and Þve parts of brewerÕs yeast in quart jars (0.94-liter) and then removing all adults after 3 d. Cultures were maintained at 30 Ϯ 1ЊC, 70 Ϯ 5% RH, and a photoperiod of 12:12 (L:D) h. Flight Bioassay. Flight initiation was assayed in a ßight chamber consisting of the bottom half of a petri dish (60 mm in diameter by 20 mm in height) (upper dish) with the inner surface coated with sticky material (Sticky Stuff, Olson Products, Medina, OH) inverted over another uncoated petri dish bottom (base dish) of the same dimensions. The sides of the base dish were coated with Teßon PTFE 30 ßuorocarbon resin (DuPont, Wilmington, DE) to prevent insects from walking up the sides of the base dish. The base dish was furnished with a platform to facilitate ßight initiation. The platform was constructed from a wedge-shaped piece of Þlter paper cut at a 30Њ angle from a 7-cm-diameter Þlter paper (Whatman International Ltd., Maidstone, England) and taped to the bottom of the base dish at the wide end of the wedge (Fig. 1) . The Þlter paper was folded approximately perpendicularly to the bottom of the dish at 0.5 cm from the wide end of the wedge and folded again approximately parallel with the bottom of the dish at 2.5 cm from the wide end. Beetles were able to climb to the point at the end of the platform to initiate ßight. Beetles that initiated ßight became trapped on the sticky inner surface of the upper petri dish half where they could be counted easily without opening the chamber.
Individual adults were placed in the base dishes without food and immediately covered with the coated upper petri dish. The assembled ßight chambers were then placed on plastic trays and held in the laboratory at ambient conditions for 60 min. Then, the trays containing the chambers and insects were transferred to an environmental chamber maintained at 30 Ϯ 1ЊC, 70 Ϯ 5% RH, and a photoperiod of 12:12 (L:D) h, just after lights were turned on. The number of adults that initiated ßight (adhered to the sticky surface inside the upper dish) was recorded after 24, 48, and 72 h.
Effects of Rearing Density and Adult Age on Flight Initiation. In this experiment, different rearing densities were generated, and the impact of these conditions on ßight initiation of Þrst generation progeny was assessed. Different density conditions were created by manipulating the number of founding individuals and the length of time they were allowed to oviposit in ßour: 20, 40, or 80 unsexed adults were placed on 200 g of diet (as deÞned above) in quart jars and removed after 1, 2, or 3 d (20 founding adults) or after 3 d (40 and 80 founding adults). In total, three jars with each density combination were prepared in a completely randomized design with each jar being a replication. The jars were held at 30 Ϯ 1ЊC and 70 Ϯ 5% RH under a photoperiod of 12:12 (L:D) h. When adult emergence started, jars were sieved daily using a U.S. Standard No. 35 sieve, and the newly emerged adults were transferred to new jars containing the same amount of diet. The developmental time and the total number of adults emerged from each density treatment were recorded. To measure the impact of rearing density and adult age (days after emergence from pupa) on ßight initiation, emerged beetles from the Þve rearing densities were placed individually inside individual ßight chambers at 1Ð 4, 7Ð11, and 16 Ð20 d postemergence from pupae (n ϭ 20 for each rearing density/ age combination). We selected these age classes because ßight initiation occurred only in young adults in previous studies with other stored-product beetles.
Effect of Presence or Absence of Food on Flight Initiation. The effect of presence or absence of food in the ßight chambers on ßight initiation was tested using sets of beetles from jars founded with 20 adults ovipositing for 48 h and each of the three age categories described above (1Ð 4, 7Ð11, and 16 Ð20 d old). Adults from each age category were introduced individually into ßight chambers to assess ßight initiation, and one set of 20 individuals had 0.25 g of diet in the chamber and the other set of 20 individuals did not have any food.
Effect of Sex on Flight Initiation. To measure the effect of sex on ßight initiation, pupae were obtained from stock cultures and sexed based on size of the papillae (female papillae are larger than those of the male, Park 1934) . Adults used in the tests were 25 Ϯ 2 d in age postemergence from pupae. Sixty males and 60 females were placed individually inside individual ßight chambers without food to assess ßight initiation.
Effect of Duration of Food Deprivation on Flight Initiation. Beetles used in this experiment were deprived of food for varying periods before testing their ßight initiation behavior, and their ßight responses were compared with beetles provided with food. Male and female adults were obtained as in the previous experiment. Food-deprived beetles were obtained by placing groups of 40 beetles in petri dishes (60 mm in diameter by 20 mm in height) without food, whereas control beetles were held in petri dishes with 20 g of diet. The dishes were covered with lids and placed in an environmental chamber at 30 Ϯ 1ЊC, 70 Ϯ 5% RH, and a photoperiod of 12:12 (L:D) h for 24, 48, 72, 96, or 120 h. After the holding periods, food-deprived beetles were placed in ßight chambers without food, and fed beetles were placed in ßight chambers with 0.2 g of diet. Thirty individual adult males and females were tested for each treatment.
Effect of Number and Sex of Companion Beetles in Flight Chambers on Flight Initiation of Focal Beetles.
The effect of the number and sex of companion beetles in the ßight chamber on ßight initiation of a focal beetle was studied in this experiment. A focal beetle was placed in a ßight chamber, with or without companions, and we determined the impact of nonfocal companion beetles on whether the focal beetle ßew, i.e., we did not determine whether nonfocal beetles ßew. Flight initiation of focal males and females was tested by placing these individuals in the company of other adults (nonfocal beetles) of varying numbers and sex in the ßight chamber without food (treatment combinations are shown in Table 1 ). Male and female adults were obtained as in the previous experiment. Thirty replicate individual focal adults were tested for ßight initiation in each treatment combination. Beetles were marked with a small dot of nail polish on their thorax for identiÞcation: focal males (orange), focal females (white), companion males (green), and companion females (pink).
Statistical Analysis. The General Linear Models (PROC GLM) procedure (SAS Institute 2008) and the RyanÐEinotÐGabrielÐWelsh (REGWQ) multiple range test were used to determine whether there were signiÞcant effects of rearing density treatments on progeny production and developmental time and also to test for differences in time to ßight initiation. Differences in untransformed proportion of tested individuals initiating ßight during the Þrst 72 h among different treatments were analyzed using the GLIMMIX procedure with the binary distribution and the TukeyÐKramer multiple range test, except for the experiment with focal beetles where we used single degree of freedom linear contrasts for planned comparisons. 
Results
Effects of Rearing Density and Adult Age on Flight Initiation. There was a biologically insigniÞcant effect of rearing density on developmental time (F ϭ 6.1; df ϭ 4, 5; P ϭ 0.04), with developmental times ranging from 27 to 28 d (Table 2) . Numbers of adult progeny produced increased as rearing density increased (F ϭ 55.1; df ϭ 4, 5; P Ͻ 0.01), with progeny production ranging from 32 to 1094 adults (Table 2) .
Flight initiation varied among rearing densities (F ϭ 2.8; df ϭ 4, 285; P ϭ 0.02) but did not vary with adult age (F ϭ 0.3; df ϭ 2, 285; P ϭ 0.77), and interaction also was not signiÞcant (F ϭ 0.6; df ϭ 8, 285; P ϭ 0.78) (Fig.  2) . Although the overall analysis showed differences in ßight initiation among densities, no means were signiÞcantly different when we used the TukeyÐ Kramer multiple range test to control the experimentwise error rate at 0.05.
The time of ßight initiation varied with age of adults (F ϭ 31.9; df ϭ 2, 131; P Ͻ 0.01) but not with rearing density (F ϭ 0.7; df ϭ 4, 131; P ϭ 0.56), and interaction was not signiÞcant (F ϭ 0.6; df ϭ 8, 131; P ϭ 0.75). The mean time to ßight initiation of 1-to 4-d-old beetles (2.6 Ϯ 0.07 d) was greater than the mean time to ßight initiation of 7-to 11-d-and 16-to 20-d-old beetles (1.8 Ϯ 0.11 and 1.5 Ϯ 0.10 d, respectively) ( Table 3 ). In addition, no beetles in the youngest grouping were observed to ßy during the Þrst 24 h after being added to the ßight chamber.
Effect of Presence or Absence of Food on Flight
Initiation. Flight initiation did not vary with adult age (F ϭ 0.1; df ϭ 2, 114; P ϭ 0.91) or presence or absence of food in the ßight chamber (F ϭ 1.6; df ϭ 1, 131; P ϭ 0.22) (Fig. 3) , and the interaction was not signiÞcant (F ϭ 0.03; df ϭ 2, 131; P ϭ 0.97). The time of ßight initiation varied with age of adults (F ϭ 38.9; df ϭ 2, 57; P Ͻ 0.01) but not with presence or absence of food (F ϭ 2.1; df ϭ 1, 57; P ϭ 0.15), and the interaction was signiÞcant (F ϭ 4.4; df ϭ 2, 57; P ϭ 0.02). Therefore, we determined the effects of presence or absence of food on ßight initiation within each age group. The mean time for ßight initiation of 1-to 4-d-old adults did not vary with presence or absence of food inside the ßight chambers (F ϭ 2.9; df ϭ 1, 20; P ϭ 0.11). The mean time for ßight initiation of adults without food was 2.6 Ϯ 0.15 d, and the mean time for ßight initiation of adults with food was 2.9 Ϯ 0.10 d. None of the beetles in this age group ßew during the Þrst 24 h. The mean time for ßight initiation of 7-to 11-d-old adults Means within a column followed by different letters are signiÞ-cantly different at P Ͻ 0.05 using the REGWQ test (n ϭ 3). Effect of Sex on Flight Initiation. The percentage of adults initiating ßight was similar for males (48.3%) and females (53.3%) (F ϭ 0.3; df ϭ 1, 118; P ϭ 0.59). The mean time for ßight initiation of males and females was the same (1.8 Ϯ 0.15 d) (F ϭ 0.01; df ϭ 1, 58; P ϭ 0.92).
Fig. 2. Effect of rearing density on ßight initiation of T. castaneum.
Effect of Duration of Food Deprivation on Flight Initiation. Flight initiation of adults did not differ with sex (F ϭ 3.8; df ϭ 1, 348; P ϭ 0.06) or length of food deprivation (F ϭ 1.6; df ϭ 5, 348; P ϭ 0.17) (Fig. 4) , and interaction was not signiÞcant (F ϭ 1.7; df ϭ 5, 348; P ϭ 0.13). The time to ßight initiation did not differ with sex (F ϭ 0.1; df ϭ 1, 155; P ϭ 0.96) or duration of food deprivation (F ϭ 2.3; df ϭ 5, 155; P ϭ 0.06), and interaction was not signiÞcant (F ϭ 1.1; df ϭ 5, 155; P ϭ 0.39). The mean time for ßight initiation of males and females was 1.35 Ϯ 0.06 and 1.38 Ϯ 0.05 d, respectively.
Effect of Number and Sex of Companion Beetles in Flight Chambers on Flight Initiation of Focal Beetles.
In the overall GLIMMIX analysis, the rate of ßight initiation of focal adult males and females was significantly affected by different nonfocal beetle numbers and sex (F ϭ 2.9; df ϭ 21, 638; P Ͻ 0.01) ( Table 1 ). The time of ßight initiation of focal adults that ßew during the ßight bioassay did not differ signiÞcantly across treatments (F ϭ 1.2; df ϭ 21, 160; P ϭ 0.26): overall mean time for ßight initiation was 1.3 Ϯ 0.4 d. We used single degree of freedom linear contrasts (13 contrasts total) and the sequential Bonferroni correction (Rice 1988) to evaluate speciÞc comparisons of rates of ßight initiation. Three contrasts were signiÞcant after the Bonferroni correction. Combining all the treatment combinations, more focal females initiated ßight than focal males ( Fig. 5 ; F ϭ 21.0; df ϭ 1, 638; P Ͻ 0.0001; ␣ ϭ 0.0038). For focal males, rates of ßight initiation were lower when paired with only nonfocal females (Fig. 6 , dark gray striped bars) than when paired with only nonfocal males (Fig. 6 , light gray bars) (F ϭ 15.6; df ϭ 1, 638; P Ͻ 0.0001; ␣ ϭ 0.0042). For focal females, rates of ßight initiation were lower when paired with only nonfocal males (Fig. 7 , dark gray striped bars) than when paired with only nonfocal females (Fig. 7 , light gray bars) (F ϭ 17.2; df ϭ 1, 638; P Ͻ 0.0001; ␣ ϭ 0.0045).
For focal males, the individual contrast of opposite sex (Fig. 6 , dark gray striped bars) versus mixed sex (Fig. 6 , white bars) for the nonfocal beetles was not signiÞcant after the Bonferroni correction (F ϭ 4.1; df ϭ 1, 638; P ϭ 0.04; ␣ ϭ 0.006). Similarly, the rates of ßight initiation of focal females when all nonfocal beetles were opposite sex (Fig. 7 , dark gray striped bars) were not signiÞcantly different, even without the Bonferroni correction, than the rates of ßight initiation of focal females when all nonfocal beetles were mixed sexes (white bars) (F ϭ 0.7; df ϭ 1, 638; P ϭ 0.40). For both focal males and females, individual comparisons between mixed sex (Figs. 6 and 7, white bars) and same sex nonfocal beetle treatments (Figs. 6 and 7, light gray bars) were not different after Bonferroni correction: focal males (F ϭ 2.8; df ϭ 1, 638; P ϭ 0.09) and focal females (F ϭ 6.4; df ϭ 1, 638; P ϭ 0.01; ␣ ϭ 0.005).
For both males and female focal beetles, ßight initiation was not signiÞcantly different when held alone in ßight chambers or with other beetles (combining the four different density treatments), regardless of the sex of these nonfocal beetles. The rate of ßight initiation of beetles held alone (Figs. 6 and 7, black bar) versus those held with beetles of the same sex (Figs. 6 and 7, light gray bars) was not different for focal males (F ϭ 1.2; df ϭ 1, 638; P ϭ 0.27) or females (F ϭ 0.9; df ϭ 1, 638; P ϭ 0.34). Similarly, the rate of ßight initiation of focal males (F ϭ 3.6; df ϭ 1, 638; P ϭ 0.06) and focal females (F ϭ 3.4; df ϭ 1, 638; P ϭ 0.07) Table 1 . was not signiÞcantly different when held alone (Figs. 6 and 7, black bar) or with nonfocal individuals of the opposite sex (Figs. 6 and 7, dark gray striped bars). Finally, the rate of ßight initiation of focal males (F ϭ 0.4; df ϭ 1, 638; P ϭ 0.85) and focal females (F ϭ 1.0; df ϭ 1, 638; P ϭ 0.31) when held alone (Figs. 6 and 7, black bar) was not signiÞcantly different than the rates of ßight initiation when held with mixed sexes (Figs. 6 and 7, white bars).
Discussion
Dispersal usually increases with higher rearing density (Johnson 1966 , Denno et al. 1991 ), but we did not Þnd a signiÞcant increase in ßight initiation with rearing density. There was a trend for ßight to be greater at higher rearing densities, but means were not signiÞcantly different when using the conservative TukeyÐKramer test to control experimentwise error rate. It could be that our rearing densities were not high enough to stimulate an increase in ßight initiation, although extremely high rearing densities generated experimentally may not accurately reßect conditions found in the Þeld in which females have the freedom to vary the number of eggs laid depending on the quality and quantity of the food resource. The tendency for crowding during development to increase ßight initiation has been reported for other stored-product insects that exploit similar habitats, e.g., R. dominica (Barrer et al. 1993; Perez-Mendoza et al. 1999a,b) and P. truncatus (Fadamiro et al. 1996 , Scholz et al. 1997 . However, those studies tested the ßight initiation ability of adult beetles produced at much higher rearing densities (1Ð20 or 100 Ð500 founding adults laying eggs for 1Ð 4 wk) than in our study.
The percentage of individuals initiating ßight did not vary with age of adults in our study, but younger adults (1Ð 4 d old) took longer to initiate ßight than older individuals. This is in contrast with research on R. dominica and P. truncatus. For example, Aslam et al. (1994) and Dowdy (1994) found that more young R. dominica adults (Ͻ1 wk old) initiated ßight than older insects (Ͼ1 wk old). Similarly, Fadamiro et al. (1996) found that more young P. truncatus adults (8 Ð12 d old) initiated ßight than other ages and older (Ͼ30-d old) individuals seldom ßew, although newly emerged adults (1Ð3 d old) also seldom ßew. Dispersal by walking has been shown in T. castaneum to be inßuenced by age: Ziegler (1976) reported that emigration was low in sexually immature adults, rose to maximum in early adulthood, and then declined throughout the adult lifespan. However, in our study these changes were not reßected in ßight initiation in up to 20-d-old adults. Adult females can live up to 300 d, and adult males can live even longer (Good 1936 ), so we may not have been able to detect a decline in ßight initiation because our oldest adults were 20 d old.
None of the youngest adults (1Ð 4 d old) ßew during the Þrst 24 h in the ßight chambers, whereas peak ßight for the oldest beetles occurred during the Þrst 24 h. Greater ßight initiation within the Þrst 24 h in ßight tests also was noted by Aslam et al. (1994) , who found that one third of the ßights by Þeld strains of R. dominica adults occurred during the initial 2Ð 4 h of the ßight test. Characteristically, ßight is delayed in newly emerged adult insects until the end of the teneral period when the cuticle is hardened (Dingle 1985) . Flight also can be delayed until reproductive maturity in some species (Johnson 1966 , Ziegler 1976 ). In T. castaneum, males become sexually mature within 2 d; however, the ovaries of females require 96 h after adult eclosion to become mature (Bhat 1970) . Females typically mate within 2 d after adult eclosion, but oviposition does not occur until after 96 Ð108 h after eclosion (Ziegler 1977) . Therefore, sexual maturation was occurring in the youngest age category that we tested for ßight initiation. Our results on ßight initiation and results of earlier studies on dispersal and adult age indicate that this species is highly dispersive during the adult stage but that ßight does not seem to be associated with just prereproductive or postreproductive dispersal phases or to be tightly linked with changes in walking dispersal reported in the literature.
Although Ziegler (1976) reported differences between the sexes in dispersal ability of young adults, it is not clear whether ßight initiation of T. castaneum varies with sex. Results from our experiment on effects of sex showed that there was no difference in ßight initiation of males and females. However, results from our experiment with focal individuals showed a difference in ßight initiation between focal males and females. In other stored-product insect species, no differences in ßight initiation between sexes have been reported in R. dominica (Dowdy 1994) or P. truncatus (Fadamiro et al. 1996) .
Food seemed to have little impact on T. castaneum ßight initiation. The presence or absence of food in the ßight chambers did not affect the rate of ßight initiation. This is consistent with other studies on T. castaneum behavior, suggesting limited inßuence of volatiles associated with ßour on walking behavior (Romero et al. 2010 ). In contrast, Fadamiro et al. (1996) reported that adult P. truncatus placed without food inside ßight chambers ßew more readily than those placed with food. Adult T. castaneum also do not seem to be stimulated to ßy in response to short or medium periods without food, although increased ßight in response to lack of food has been reported for other stored-product insects. Short periods of starvation (24 Ð72 h) increased ßight initiation of R. dominica (Barrer et al. 1993 , Perez-Mendoza et al. 1999a and P. truncatus (Fadamiro and Wyatt 1995) .
Interestingly, T. castaneum ßight initiation was decreased by the presence of individuals of the opposite sex, regardless of the number, whereas presence of the same sex or mixed sexes did not affect ßight initiation. The Þtness beneÞts in terms of potential mating opportunities of this type of response are obvious, but the mechanism generating the response is less clear. Adult males release an aggregation pheromone that attracts both sexes into a food source, and a priori we could predict that the presence of males would suppress female ßight, which is what was observed. However, in our study, females also reduced the ßight initiation rate of males. This suggests that other sex recognition cues are involved, such as contact cues, visual cues, and/or the presence of sexual pheromones produced by females, which has been demonstrated in confused ßour beetles, Tribolium confusum Jacquelin du Duval, whose females produce a sexual pheromone that serves as a short-range attractant to distinguish males from females (Ó ÕCeallacháin and Ryan 1977) . Naylor (1959 Naylor ( , 1961 reported that female T. confusum and T. castaneum dispersed more readily when they were in the presence of other females, whereas dispersion was reduced when the sexes were combined.
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The response of T. castaneum to some internal factors was similar to that for other stored-product insects tested to date, but there were also some important differences. Our results indicate that this species is highly dispersive during the adult stage and that ßight does not seem to be associated with just prereproductive or postreproductive dispersal phases, rearing density, or to short-to-medium periods without food. Flight initiation in T. castaneum does not seem to be tightly associated with changes in general dispersiveness reported in the literature. Thus, although ßight behavior may play an important role in long-range dispersal, by occurring at a relatively steady rate and not responding to density or absence of food, it may not be linked to patterns of movement in and out of food patches associated with patch exploitation. In contrast, adult P. truncatus and R. dominica increased ßight initiation seems more closely associated with an increase in dispersiveness, perhaps because they tend to exploit larger more spatially isolated resource patches than typically used by T. castaneum (Campbell and Runnion 2003) . T. castaneum is highly adapted to exploit patchily distributed, sparsely populated, and very temporary habitats found inside food facilities by dispersing at any time during its adult life span both before and after the quality of resources in the food patch decreases. The ability to respond to declining resources by more localized search for alternatives, while still having a component of long-range dispersal, may partially explain why this species is one of the most important pests associated with grain processing facilities.
